an investigation was carried out into the effects of various filling materials on the human pulp (Manley, 1941) . The results showed that silicate cements produced marked degenerative changes in the pulp tissue, and that the reaction set up under a cavity filled with a copper oxyphosphate cement was one of great severity.
Pulp Reactions to Dental Cements
By E. B. MANLEY, B.D.S., L.D.S.
(From the Research Department of the Birmingham Dental School) INrRODUCTION IN 1940 an investigation was carried out into the effects of various filling materials on the human pulp (Manley, 1941) . The results showed that silicate cements produced marked degenerative changes in the pulp tissue, and that the reaction set up under a cavity filled with a copper oxyphosphate cement was one of great severity.
It was, therefore, considered necessary to carry out a further investigation on similar lines into this group of cements as a whole in order that more definite conclusions could be arrived at with regard to the widely discussed biological question of their action on the pulp.
During the last eighteen months 106 operations have been carried out on human teeth, 68 of which were concerned solely with dental cements.
Depending on the composition of the powder, the group consists of three main types:
(1) Zinc Phosphate Cements.
(2) Copper Phosphate Cements.
(3) Silicate Cements.
Certain cements claiming to have special germicidal properties are mainly zinc phosphate cements with either a salt of copper or a silver salt added to the powder with the object of rendering the cements germicidal in the mouth (Skinner, 1936) . In each type, however, the liquid employed consists mainly of ortho-phosphoric acid with certain modifiers which control the setting time and minimize heat generation. When in a plastic state, these cements are known to be highly acid, and if we take into account the biological factors involved in their use it would be reasonable to suppose that any changes in the pulp would be manifest in a very short period of time, especially in young teeth whose dentine is highly permeable. A series of experiments, therefore, has been carried out to ascertain the changes that occur in the pulp twenty-four to forty-eight hours after the insertion of the cement into the cavity.
In two previous investigations (Manley, 1936 and 1941) concerned with other filling materials, the minimal changes that were observed occurred under cavities filled with zinc oxide and eugenol. The effect produced by the cutting of the cavity was not assessed, although care was taken to reduce traumatic stimuli to a minimum by the use of a geareddown handpiece. It has been observed that if a cavity is cut rapidly with a sharp bur and the tooth extracted at once, changes occur in the pulp. In the present investigation, therefore, it was decided to obtain a control by preparing a cavity with a slow-running bur and filling it with some inert substance. This was covered with a celluloid cap and sealed to exclude mouth fluids and extracted after twenty-four hours had elapsed. Any changes that occurred could be regarded as a minimal reaction and used as a base line in assessing the effects of any other filling material over a similar period of time. The substances chosen for the purpose of control were (a) cotton-wool impregnated with olive oil and (b) dry asbestos fibre. DISCUSSION History reveals that pulp irritation by the acid of the cement liquid has always been regarded as a dangerous possibility. In experiments on dogs Gurley and Van Huysen (1937) found that if a cavity near the pulp was filled with a cement whose liquid is phosphoric acid a reacti'on occurred, but if a similar cavity is filled with the same cement, eugenol being substituted for the phosphoric acid, no reaction took place. Undoubtedly all cements are acid while setting, yet in reports on this subject that have been published from time to time it seems that more significance has been attached to their pH values when fully set (Worner, 1940) . The surface acidity of dental cements at the time of insertion into the cavity has recently been investigated (Warren Harvey, 1943) . It was found that of 45 cements tested only 5 showed a surface pH above 2. This confirms the spot tests carried out by the author and Dr. Thorpe in the Biochemistry Department of the Birmingham University. With the exception of gastric juice, the reaction of the tissues and tissue fluids of the body is nearly neutral. It is known that the tissues are very sensitive to the reaction of the fluids bathing them, and slight changes in 11 Section of Odontology 489 reaction may have a profound physiological effect (Thorpe, 1938) . Therefore, the initial high acidity of these cements at the time of insertion into the cavity is a factor to be seriously considered, especially when used on young dentine which is highly permeable and would permit the easy passage of any chemical irritant to the pulp.
In dinical practice the protective reaction of the pulp under carious dentine must be taken into account. This has been previously described by Fish (1932) . On the degree of extension of the cavity beyond the carious limits will depend the number of new and healthy tubules opened up and directly exposed to the action of the newly mixed cement. In the present investigation, where cavities have been cut in sound teeth, the pulp will have received the maximum degree of irritation in relation to the size of the cavity. Patients of ages varying between 10 and 16 were selected in whom the extraction of the premolars was required for orthodontic purposes. The same technique of cavity preparation was adopted as on previous occasions. After extraction the teeth were fixed, decalcified and embedded in paraffin. Serial sections were then cut and stained with haematoxylin and eosin, and Van Gieson. Heidenhain's stain was also used to show nuclear changes.
Putlp changes.-It will be seen that the changes in the pulp in the less severe reactions are confined to the odontoblast layer and are restricted with mathematical accuracy to that part of the laver beneath the cavity. In the more severe lesions the surrounding pulp tissue shows inflammatory reactions. In some instances the irritation is so intense that the classical signs1 of acute inflammation are observed. Nuclear changes, karyorrhexis, karyolysis and less frequently pyknosis characteristic of necrosis can be identified.
Controls.-The changes occurring in the pulp under a control cavity filled with dry asbestos fibre and sealed in for forty-eight hours (figs. 1 and 2) are confined to those cells of the odontoblast layer whose fibrils have been cut. The lateral processes or collars of the odontoblasts have been broken and many cells, having lost their fibrils, are scattered and dragged away from the dentine surface. No inflammatory changes have occurred in the pulp tissue which is normal in appearance. Fig. 3 shows the disturbed odontoblast layer under the deepest part of a cavity filled with cotton-wool soaked in olive oil and sealed in for forty-eight hours. No inflammatory reaction has occurred in the pulp, the changes again being confined to the cells of the odontoblast layer. Copper phosphate cements.-These may be classed with germicidal cements. A severe reaction similar to that already described under a cavity filled with Germicidal Cement A of unknown composition is seen to have occurred. Fig. 9 fig. 10 . Where the odontoblasts have undergone degeneration and show karyorrhexis is illustrated under high magnification in fig. 11 . Zinc phosphate cements (twenty-four hour reaction).-Although a marked reaction in the pulp tissue takes place under cavities filled with zinc phosphate cement, it is not so intense as that occurring under copper phosphate cement. The severe changes are confined more to the odontoblast layer, the pulp tissue underneath not being so seriously affected. Fig. 12 shows normal odontoblasts (N.) and the area of reaction (A) under the cavity. The damaged odontoblasts, having lost their fibrils, are seen to have been pushed away from the dentine surface by an accumulation of fluid exudate, which has formed definite oval spaces or vacuoles. Haemorrhagic areas were observed in the pulp Section of Odontology tissue under the odontoblasts in a few sections of the series, but no general inflammatory disturbance of the pulp tissue corresponding in extent with the whole of the lesion in the dentine has taken place. Higher magnification of the reaction under the deepest part of the cavity is illustrated in fig. 13 normal odontoblasts and pulp tissue under unaffected tubules above the lesion are shown in fig. 17 . Zinc oxide and eugenol.-For purposes of comparison with the acid cements changes were observed under a cavity filled with zinc oxide and eugenol for twenty-four hours.
Even under a very deep cavity (fig. 18 ) the changes are confined to the odontoblast layer which has lost its close contact with the dentine margin by the breaking of the cell collars. The pulp tissue under the odontoblasts is normal, and no inflammatory changes 19 Section of Odontology 497 have taken place. Fig. 19 shows that the odontoblasts are shrunken and some, having lost their fibrils, show degenerative changes. Others have been drawn up close to the mouth of the tubules by contraction of the cut fibrils.
The histological picture exhibits certain points of similarity to that seen under the cavity of the experimental tooth used as a control, and the changes may, therefore, be in part due to the effect of the cutting of the fibrils by the bur. It is interesting to note that these changes are observed only in the sections under the deepest part of the cavity.
Under all other cements tested the reaction is evident throughout the series. Although time does not permit a description of the later reaction of the pulp to these cements, it can be said that the formation of secondary dentine as an! essential part of the process of repair is delayed until the clearing up process is completed. It is suggested that this may possibly be due to the chemical action of the filling material interfering with the matrix building enzymes (Fish, 1939) . If the irritant causing degeneration and destruction is sufficiently weakened, it becomes a stimulant, and proliferation will result with the formation of secondary dentine. Ultimate recovery may take place in the manner described by Fish (1932) , or, conversely, an abscess may form and the 498 Proceedings of the Royal Society of Medicine 20 whole pulp may eventually be destroyed. Except in those cases where the initial irritation is particularly intense, it is only in the latter contingency, as a result of complete death of the pulp, that clinical symptoms may become manifest. In one case only the initial irritation was sufficiently severe to cause intermittent pain within twenty-four hours. 
CONCLUSIONS
Where the liquid consists mainly of phosphoric acid dental cements are capable of producing severe localized reactions in the pulp within twenty-four hours. Reactions set up under zinc phosphate cements appear to be less intense than those resulting from either copper phosphate cements, silicate cements or certain cements purporting to have special germicidal properties. In the light of histological evidence it is clear that when using dental cements in their present form some modification of clinical procedure is indicated if the incidence of pulp involvement in any degree is to be prevented, especially in regard to the teeth of young' subjects: 21 Section of Odontology 499 (a) Extension of the cavity involving the opening up of new and healthy tubules after removal of the carious dentine should be kept to a minimum.
(b) A thin smear of thickly mixed zinc oxide and eugenol used as a sublining is sufficient to prevent pulp irritation from acid cement.
While dental cements are designed to give certain desirable physical properties, it must be recognized that such properties should be dependent on the biological factors involved in their use. It seems to me, therefore, that it is of first importance in the manufacture of these materials that due consideration should be given to the histopathology and physiology of the dentine and pulp.
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INTRODUCTION
WHILE the organic matrix of the enamel has been carefully studied in its relation to dental caries (Williams, 1898; Malleson, 1925; Bodecker, 1927; Pincus, 1935) , little attention has been paid to the organic structures on the enamel surface and their significance in this condition.
Nasmyth's membrane was first described in 1839 as an organic layer covering the enamel surfaces of unerupted and newly erupted teeth. Paul (1894) demonstrated its two component layers; an outer cellular layer and an inner hyaline layer which we now know as the enamel cuticle. Later investigators (Mummery, 1919; Gottlieb, 1921; Chase, 1926; traced the origin of these structures to the enamel organ. Williams (1923), Malleson (1924) and Fish (1928) established that the enamel cuticle was in continuity with the organic matrix of the enamel while Rosebury (1929, 1930) found that the chemical constitution of both structures was similar to that of the keratins.
While it is generally agreed that the enamel cuticle covers all the enamel surfaces of unerupted teeth, information as to its distribution on erupted teeth is scanty. Paul (1894) stated that it could be recovered from most erupted teeth; Chase (1926) and Dobbs ( 1932) found only small fragments of the cuticle on erupted teeth, while Kronfeld (1933) asserted that on similar teeth, large fragments could be demonstrated covering most enamel surfaces. The function of these fragments of the cuticle, according to Kronfeld, is to form an attachment between the gingival epithelium and the enamel. Paul (1895) and Gottlieb (1921) stated that the cuticle protects the enamel against caries, while Leigh (1926) asserted that it predisposes to caries. Organic membranes are easily recovered from the enamel surfaces of erupted teeth and have often been described. Dobbs (1932) stated that they were composed principally of mucin, but Gottlieb (1921) and Kronfeld (1933) found them to consist mainly of fragments of the enamel cuticle.
INVESTIGATIONS
In the present investigation membranes were recovered from the enamel surfaces of a number of erupted teeth.
The teeth were scaled, scrubbed till free of stainable debris and then immersed in 10 to 200/ nitric acid to which 1% of phloroglucin had been added. As the membranes floated free they were teased off, washed and mounted on slides for staining with haematoxylin and eosin and subsequent examination. Two hundred specimens were examined by this method. These were recovered from incisors, canines, premolars and molars from patients of 8 to 60 years of age. Their histological, chemical and physical characteristics were identical with those of the enamel cuticle. By means of celloidin sections their attachments to both the organic matrix of the enamel ( fig. 3 ) and to enamel iamellxe were demon,strated.
